ATOMIC LAYER EPITAXY APPARATUS 



[ATOMIC LAYER EPITAXY APPARATUS 



Patent Number: 



JP5234899 



Publication date: 



1993-09-10 



Inventor(s): 
Applicant(s): 
Requested Patent: 



YAMAMOTO TATSUHARU; others: 01 



□ 



HITACHI LTD 



JP5234899 



Application 
Number: 



JP19910236105 19910917 



Priority Number(s): 

IPC Classification: H01L21/205; C23C14/32; C30B23/02; H01L21/203; H01L21/365; 
H01L33/00 

EC Classification: 
EC Classification: 
Equivalents: 



PURPOSE:To reduce a volume of a vacuum chamber, to extremely effectively conduct an 
atomic layer epitaxy and to improve reliability. 

CONSTITUTION:Gas cells 20, 24, 26, 25 are disposed in a vacuum chamber 16. Shapes of 
discharge ports of the cells 20, 24, 26, 25 are formed in a rectangular shape in which its long 
side is at least longer than a diameter of a substrate 15. A gas diffusion plate is provided from 
gas introducing tubes of the cells 20, 24, 26, 25 to the ports. A plurality of the substrates 15 are 
rotatably moved perpendicularly to the diffusing directions of the cells 20, 24, 26, 25 to 
alternately irradiate the substrates 15 with a plurality of types of the gases from the cells 20, 24, 
26, 25, thereby repeating an atomic layer epitaxy. 
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[#fFW#©ISB] 

S«±fc8&«©B*if#x£#x-fe;i^$ 

mumt u ±fe#x-tr;v©#xiilA^ &±settBP 
ftist-rsB^Bx^+^-ssig. 

[»#*3] H-^>h3!fX*»«»Sn*3ffX-t^*« 

b l & c t &®mt?zm*m 1 ciudb^bxi; 

[»#B5] ±eJS^X*t#«^S^X-efc?>ii:* 

ftBtr*»#« i E«©s^xe^*'>-s«. 

[M$B 6 ] 8&«©±EB&#X £ 1 ^©_kfB#X-t: 

[BHeffMftttB] 

[0 0 0 1] 

**&tt»**Bft*l**&a&©B*Bxif**->-» 
BlcMfSfefcT**. 
[0 0 0 2] 

[#*©&*&] -tjvy u 55^ >if®mzmm l 

^»a*}»CD«Blcffl^6n*K^Bxt^^«>-SB 
(fct&tf, #WRS6 2-2 2 2 6 2 8*£«. #HBS 
6 3- 1 3 6 6 1 6^K) 14. H7 fc*TJ:3J&:S* 

3#bbb4 9 tat#a*««K»aian&->3.59 h 

>A4 6fcttfc-*4 3&f§>Lfc#X-fe;P4 1 a~4 1 
ctfiSBSnTiSO, fc-*4 3tt#X-fe;U4 1 a~4 
1 crt®BfftfX®M&£*fT&t>, #X-feJM 1 a~ 

4 1 c*^^$nsJs^xosssttvx7P-3> 

hn-7*J:t;n;^4 2fcitjT®IPSn-5. #x-fe 
;V4 1 a~4 1 c tMrSlbTS«4 7#EBStlTl> 
5. %X-tfr4 1 a~4 1 cWtttHPiS^KlSHP 

»«BBT*fc»©5'+y*4 5j8^*.snTV>S. - 
»«4 7l43ISt-^4 8fcJ:oTaS*«SSJ«fi 

s«t-^4 8«isieii!isfT^^. 

[0 0 0 3] C©S J PBxhT^^->-SBlC*^Ttt, 
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frtfX'feJM 1 a~4 1 cfflA'J^4 2 0MiS, is*v 
f Jftb-fe, #X-feJM l a©;t;^4 

2, ->vy*4 5£MICU mia©M^X*SS4 
TteBBLTlB^flSBftSttfcB, 13X±)l4la 
->-vy*4 5£Bii;£. X£^ 
t>A4 6rtfc«ft«K»3JXt»«bfc®'6, #X 
t*4 1b«/t^4 2, ->*y*4 5£H€f, £2B 

©b*4#x£s«4 7icb»t*. ^©±5tc mi 
H-e>y*ff!te5«^tt. F-/i>h#x£Sgi8© 

;P4 l cfc^oTMNTS*, mi 8. B 2 B©Bft# 

*©tvfri#tnwicBJrt'*. 

[0004] 

[ffi^*ftb<t5t-rsBji] toBTixe**^ 

T#«»t^-ft!ME»#UBirt-*fc*lCtt, S«4 7 
^ £13tt)V4 1 a~4 1 c ©tttBP t©^m«g<lt5> 

xa**>/t4 6 ©***>**<& 

5. *ft, SS4 7 fftX±)V4 1 a~4 1 cORfcfflP 
fc©JEBtftfi<ft*i, »«4 7fcB»B»Sn*4H L 
S©JtBI3/h3<ftQ. #X-fe;U4 1 a~4 1 c^SJW 
fflSn&Kifc£©BlMfXliSBSfcaS«4 7_t-C©j£ 

fifctt*#-a-r» jsaM*xtUT»auft»ntfft6ft 

K l^'ot, X£$££B4 9fcli$£ftB0);*:e 
W*>©jtofcBfcft*ftt»DT?fc<, B*W*fcBDiM. 
5Bfcjfe*J^X*»af*fc*©»t»n*<g< ft«. 

50 na©j*ft"rift©»«4 7UwaaTr*ftK 

£©fc*. B^SXtr^^rv— ©«l^*JfiVi. SSfc, 
m\137,*WQ&Z-%m\Zrt)V74 2©BB»f£t->* 
y*4 5©BB»fPfc*»ifcSft&*. ffl@0&S:*<L 
fcO, SfcB8M«l^©iia&¥<-r^t, fc|3|©BH<!: 
ft (3. ifcn^4 2. ->^y^4 5©BBiHf^©B 

4f *£&:»xa»«IW»HBKfc*©T. ff 

[0 0 0 5] £©8!Pitt±B©BBftft& > 9-«ft:ab£ft 

T*, B^Bxe**->-£ffi*T$&$&<fTft5;r<!: 
«tr*. *»"3BBttOBV>B^BxK^*S^-BB*B 

[0 0 0 6] 

[isg£#ife-r*fca©¥8] c©BttftBB-r*fc 

aft. C©»WC*V»Tli. »«±K«&«©Bft#X£ 
^x-b;W^^SJcfl8ltUT, B^Bxtr^*«>-*B 
•3B-fB? : Bxfcf^*>'-BfiC*v»T, ±e^x-b/P 
ft*2?*>rtAMUkEBU ±iB^X-fe^©tttap 
50 ©JgttSSKS^JgtU ±s^x-t;u©^x«A^ 
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irrs. 

[0007] £©«-&. ±iB^x-fe;w^ftj&$n-5± 
[0008] F-A>h#xa*#*&£tt5#x-fe 

[0 0 0 9] ±E^X-k;KCt-^*|ftltTfe«k 

[ooio] *&, ±ow«fx**a£iwx&i,T 
toon] sfc, a»ao±BjB»*x*i"3©±E 

[0 0 12] 

ZCtffTZ, £fcg«©@&K«fc9lS*sf;tfx£«o& 
[0 0 13] 

[SUM «T. ^©58WSHJSWtJ:OPa!ti8K-r 

[0 0 14] Bl ttCCSMHfcfcSHTJixK***- 
BmaHlfcjKb&jS^Jixe* 
*->-S«©iHffBSH, 0 3 BH 1 fcwUfcB^JBxK 
^*->-SH©-ffi*^T¥ESffflBI, H4|*Hllcvl/ 

5. R«tt©KS? * >A* 1 6 ©±tf£»KiataNi 2 
9 a*IS:tt£ n, 2 9lC«fco TSfi«Jt#: 1 

3*i@IE$n5. S««8#l 3lcS«^;i/^2 2*± 

oftftsn. 3t«*j^2 2tiss:©s«i 5*t^-n-f 
nfiy**nxv»*. tit. smmiti 3£h««©5' 

8©rt«fc©|lflfctiT#U*^a*©t>f> 

ftMHtfRitenTus. aa-t^o. 24, 26. 

2 5tt^D-X2 l&H/rj(£?Y>rtl 6©ffl3ffllC 
StOtttt'E.n, #X-fcfc2(h 2 4. 2 6. 2 5tM 
1 5fc©eii*»RTS*J:3Cfc-3TV»*. yiW 
H 1 8©fiJB(r^Xir;i/2 0, 2 4. 2 6. 2 5 £g« 

l 5lcit»#iRi3ttSjfca&©*rx-fe;v#An l 9«Vit 

□ 1 9©wi::$mp 1 7»t^te>nx^^. pmtt©jn 

Mt»5«k-*2 7HJB&*ir>/tl 6©**»C 

BB*nfck-^»»«»2 8cj:oTfia9an. ss 
t-^2 7ttiac-r***i 5e*ai*6Mttp*-r 

5. uiT. S«t-^2 7»i««l 5ttt>lrl5IIE$ 
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6 fcttmsn&jB»*x*j:r«a?v >/t 1 6 ©ra 

©«**»* 6 ©*tt*Xtt. *a?*>/U6©T* 
©*£□ 3 0 \Z&®Znit r-f7a 
- 5? a > 7*©SMW»*t** < aoaWEE**ttt 

SfftSn*. 3 Sit, ^X-fe;W2 0, 2 4. 2 6. 2 5 

©etui □ ommt&janfifrfc < t * ws 1 5 ©ag«t o 
«A«7*aii«, ra»r^xjs«s8*tg2{g$n. # 
mans. jJx**»/->*aiii/fci«©»^«9©M 

StiU 5 tSK^-K«»*n*. J»*H»a<& 
gftMft#x©£-&tt. £©#xffiSr/->£t-*5 
fcioTffiSci&ft^afimiKJtoSfrr*. t-^5© 

[0 0 15] H©BWixK**5/-!*«fcJ:oT«U 

4 a©n**#x s^atr Mat b&a< es^sx tr 

**->-Sfffc3K:tt, 1 3 «B3 1 ©Sift* 

a? i^fc-jea« oi«s^©s«i 6©aH-s©frtrtT 

-f#>-«>a >©&*©l9nia*«fe**WRIMfc*^ 
T, : Z<Df%ffl&+ft\Z?8LZ>Z\ttf-T!ZZ&BD TErtElx 
£#S8T. ^tJP2 0, 2 4. 2 6. 2 5 
JfXffifte-ftCftttU ^X-fe^2 0. 2 4. 2 6. 

2 5 a> s£« 1 5 ess i a~n 4 8©Kft#x fcflstrr 

5. H £T. Sfil 5tt#X^H©ft«#|pJi:lMft 
8©SffitS«l 5*5,fctf>'-;PF«2 3Ci9T»l* 

JO 3msKH$m©£ftti¥»Ktt&&«. see. a« 
1 5fcS«5H8lt3n35:*>o&sS*i!lJtfXtSfil 5©»1B 

*6»*a*nfcj!fxtti'a9f h 1 8©sB(c#*-r 

^^2 0, 2 4. 2 6. 2 5t->jL70Hl 

8t©iinfl3j>6iHaan. Jt$$a&c3 nz^xm 
*sn«. *>-;n*«2 3tt<^¥>A*i 6© 

•> H i 8 \z&&1iz-t)vmxa i 9 ©ntzttfta i 7 at 
Ktt&!vrv>«*&. Sffii 5a^x-t;P2 o. 24, 
26, 2 stzMfauii&zm&rzmmv. *«is© 
40 *iB±ic38«rftK»»xft#fflraj:ta»-r**© 

[0 0 16] ^©JS^gXtf^^v-SeiCfeHTH. 
0 7lz*TMT^xtr^+->-ge©«kp{C. ££1 5 
fc#-r*#X*H«©3a«#tf©iS-tt£fc#f5&© 
©9S«:ttftam«£S^UA:l»a>&. Ifil5t*7 
t;P2 0, 2 4, 2 6, 2 5©5feJSt©SS*3fe^a 

<-r5rta^T^s©-p, x&f-yz'/ii 6©§«*/h 
a<-r4^tatT#5«a^0T^<, s«i5fcasM 
»an*V5sMW*fxa^»<»*fc©, »xt*2o. 

50 2 4. 2 6, 2 5 Cftl&anfclI»3tfX©*^tt»ia© 
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KJftftU j£fi*©8IR^©*itt&©jgA£'>fc<-r-S 

fc<t o t* fi 1 5 omtnomnwiTom+mafcifi 
>pte^&wtzwm*%z>z\t\z-Dtz&z>. 10 

[0 0 17] ^©JS^lXtf^^iz-^filCfeU 

-m, fiL&\zm$ht3.^#mii*ovcM*#mz>h*< 

;:t#T?#5 «&©&££ ^ic^aTSC 

V93ris-&me>$.m®mtw7 \zmLtcm?mxv& 
*^-mm<Dfcm%i®t%:it%iisXfrz>. m%.<D&m\z 
^5*T©jg^x©«miiS:*s, muzKLitm? 
mtt9**s-%.w\zm%%imv>wmx7,<Dmm 20 

L, Ti>T 2 tT-5i:, 07tCf UfeSfilW+y 
-8B©£&©$fi«^U-XfcfTfcfcn5;fc«>, Bf£ 
©mjf^#-&tcS-rs«rMttS«ifeSfc»)S (Ti + 
t 2 + 2t 3 ) tuz>. Hi^jr^bfcJS^xi; 

m 1 a©S!iBf^x©)ijti^WTi fc^-a-TS« 1 5 © 

4, 2 6, 2 5K#|Bl£-fr-5*Tf©B$m£T4> lTflg 50 
Xtf^^->-gg|^©Sffil 5©^gftS*KtT5 

m%.<Dmw-*%z>\zm-?mm\tmLi#.mitK) s 

{K (Ti+TO } /K=S (T1+T4) ££5., T/S 

t>%. s {t 2 + (2Tj-t,) } <Df%mmm-c2 

■5. 1ttZ& fcT)fc»#5. 6Agg©3-5fc©G 
aAs4>2-68i©ZnSe©*i£, IS^f EXlT**^ 
-iCioTl wm©K)f tea, 1 80 0HISS© 
If8#X©«fl&x£fm5&>gai££fci&, fflJTC^ 
5NflWtt#«fcA^K fr»3fcS = 1 8 0 0 

EJ. T2 = 7 s , T 3 = 1 0 s , T, = ls if* t. & 40 
SlftSfc?) 1 4. 5h©^K*tgiJ«ST#5. g) 
l^fC^UfcS^Xlf^^v-Sg^K. g«#fc# 

[0 0 18] fc*5. r©»WIC«5KTJgXtr^*v- 

&s«. sasT©f*»«isi'it^p-®^©#««a 
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>s/\zo\,*Thmm-c&zrctb, v-KyvmLvmt 

[0019] o^ic, c©^t«^ig : fSxfc:^*-> 
-gHfc«t-5iiea^fi^c^viT2 - 6M:£«¥$ 
#*m\zmmz. 

[0 0 2 0] 2«K^T$)-5Zn, Cdt6iIIt* 
5Se, S, T e t©»-&W5ft57-f HA>l<^t 

m?®> v-?ft<D®.mz^Tmm®%\zo. 4~ 
0. 5 umoM$i&yt%mt}i?z:tff-e%z<, tfc, 
m&Timvi&f&MWiz&K), mm#mzi. 5-3. 8 

o Sn*. HSKfetoT. S«15II 
HnlGaAsSIH. nl@ 3 4 fc«Z n S e \Z 3& 
7Cj|©GaSK-fcf>yL&'b©£fflVi, p^S3 3lr 
liZnSe \Z 5&7C£©N£ F-fcf^Lfc'bCfcffl 

U—1f ©«•&», 0 6 fc*T<k 5 

*sns. -mtvr r^, $g2o#, i§4#, 21 
6~2i7HU99i)j ce«snTv»«a»tt« 

&&fi#0. 5 2 wmW^k- ^©Jfcffld^T 
ttWf*. 0 6t43^T, ISUtttnlGaAsS 
ni?7y HS3 9lC(iZnSS eOlgl:3i 
7cH©Ga*K-t;>^Lfc'b©*fflH, ffift»3 8t 
«ZnSTe©fiH£fflK p!^7-> HS3 7 \Z\tZ 
n S S eCDlftC 5&7Cif&©N£ H-tf>^L-^ ! b©S 

j£U S68 3 6 *l8lt5. ^l©«fc5?S:37C©Sfit<i;o 
T«-S*^-r-S©«, GaAs©Iil5iffl|&fI 
£-tt£#-5fc8e>-<?<&9, n^7yK139©ZnSS 
etr*^TStSet©^Jt£6 : 9 4. ffitt«3 8 
©ZnSTeJr*ViTStTet©iafSit*6 5 : 3 
5, pS!i'7-yH@3 7©ZnSSet:^TStSe 
£:©&j£Jt£6 : 9 4 iTSCij&tSt UK iiT, 
fct^«2ft)llgT&5Zn©]S^tLTDMZ. 6& 
Ss^Tab-SSe. S, Te©Jl^tLTttDMSe, D 
MS, DMTe^WWa&JStfXfcffl^T, &jStt)V 

r-i&ftBLrzJiX'mm 5\zmtttz>. nm<o^-/^> 

hTabSG a ©Hfii HTM G§©tMS^X Sffl 
Vi. pS©H-/1>hT?J&SN©Jl»tLT«NH»^ 

xs«n. ^x-fe;i/t?^^bfc±-i?s«i sicjsit 

[0 0 2 1] Hl^Lfci^ft^-ft-F^SH 
HtC«t-oT, t*©«t^lCj«S$1i:-5^tC^)HTjKT{c3i 
[0 0 2 2] ±iB©5gft : 5'-l':*-F©#&. nSS3 4 
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(DtfZ&mt. DMZtt«XtJP2 0^5, DMSett# 
X-fe;V2 6#S, TMG«#XirJ>2 4#£*!tfW8Lfc 
±T, 1 5 KJiBlfr*. iCT> DMZtDMSe 
£©SltSJt«l : 1 gglCiliit-f 5. O^t. pS!l3 
3 0&SI9H:. DMZ, DMSeOMI«©SiT, 

TMG©#x-fe;V2 4©a;k/i 4£Ki;-c, #x-t;p 

S«t-^2 7lC<fc^TSfil 5©MS£2 5 0 

~4o o"cc«j$l, zommmstzmft 

*©B#R>wst>±€rNS&a»c*ivvr, -e-©i$is*+# 
\zwz z. ttf-ezzmtt-rz. 

[0 0 2 3] ±f2©**#k— »f©«£, nl?7y H 
JI 3 9 ©J5fcgB$«, DMZfi#X-fe^2 0i&>S>, DMS 
ett#Xir;i/2 6#£, DMStt#X-fc;U2 4#S, T 
MGtt#X-fe»2 5^6^»Lfc±T*«l 5 (CPS* 
ZliLT. DMZ, DMS, DMSe©ii*Jttt 
1:0. 0 6:0. 9 4 SftClftJtr o^lr, Stt 
JI 3 8 ©&©$«, ^X-feJP2 6©M^«l&v-f>SD 
MTeJC^JOSiA. TMGO^X-fe;P2 5(DA*;l/^l 4 it? 
SKUS. DMZ, DMS, DMTeODfifEfiJt 

ttl : 0. 6 5:0. 3 5 gglClUt-f*. O^fC, p 
Si77yK»37 ©j£BI$li, 2 6 ©K^jft 

7^>SDMSet«0M. J3X-t)V2 5 ©©**&!& 
>SNH 3 t«J0^^.5„ CUT, DMZ, DM 
S, DMSeOSKSifcttl : 0. 0 6:0. 9 4U&iZ 
*8&f3. S«k-^2 7IC<fc-3T*ffil 5©ii 

fl?£2 5 0~4 0 0*CK#ftL. £«£fc#l 3©HIIE 
g&£lI£Uit^©2«l SC^iB^ft^tV'f ifV- 

[0 0 2 4] «±, C©IBK»w«2)lST®Xhr^*->- 

mm\z£z 2 - 6^^^*^,i:t;-e©jift©jsa 

TSE^T^fcjJt, 3-5 Mt^^aSfrfcitf-?-©^© 
[05] 

EJ5 
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[0 0 2 5] fcfc, ±j£3iffi09l;::fcV>Tti. #XirJl/2 
0, 2 4, 2 6, 2 5K:#MirfS®ft#X£lilS<>:L 
g»a©®^XS0f«©^ttt?l^©^X-fe 
^2 0, 2 4, 2 6. 2 5*^ft^bTfc«tVi. 

[0 0 26] 

E«£*i<-r-5> jis? *>/*©#© 

^V^*I^X©it^*##fc/jN$ <?ZZ. ttf~C% 5© 
T, IS^x©«jm«fW&S<-rs^t^Tfr-5i:t'b 
IC, ^©a^Srll^trMaT-Seii:*^^^^*, SC 

5. *£> A^^©BgH«;fp^||^<^5A^, #X 
«t£©£ft*<fc<fc>3, llCfl#X©££fc#«&a<T£, 

[0ffl©ffi¥iteittW] 

mi] z<Df&w\z&*wi?m^?*i/-mm*m? 
[S2] hi \z^vftm^mx^^'>-mn<DjEmm 

0T&-5. 

[03] 01C*LfcM-?Sxtf^^v-gg©-ffiS: 

[04] 01tC^Lfc®TSXl^*^-ge©-$£ 
^•TlE»rffl0T?a65. 
[05] ^y-f^- K©**«ji0T?&S. 
[06] !f©S*«&0T&S. 
[0 7] &*©K^jlXtf**->-gB£*-fBffi0-? 

[^©IttW] 

7- #X»AW 

8- #X&fK«i 
1 5 

1 6-K£3^>A 

2 0, 2 4, 2 5, 2 6-^X-t^ 



[06] 

El 6 
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[03] 




7 *rx# \< 

8 /rxtfttfe 

15™ ft* 

a-— -frx-kn. 
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